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§ Royal Victoria Hospital, Belfast. imagine that sooner or later similar metabolic disorders will be discovered that will involve the remaining amino acids.
The present study concerns a further presumed inborn error of amino acid metabolism, this time involving the sulphur-containing compound homocystine. The discovery arose from the submission by one of us (C.M.B.F.) of urine from two mentally retarded sibs whose clinical features were thought to suggest a possible metabolic basis. The urine was sent for examination to others of us (N.A.J.C. and D.W.N.) who were currently running a metabolic screening programme whereby an effort was being made to obtain urine from all the mentally defective children in Northern Ireland. All the urines were being subjected to a series of preliminary routine chemical tests, followed by amino acid paper chromatography, and any other investigations that might seem justified on the basis of preliminary findings. The first report of the preliminary findings in this survey has just been published . About 500 urines had been tested when the specimens from the two sibs above were submitted. These urines gave a strong cyanide nitroprusside reaction for cystine. However, on amino acid paper chromatography the 'cystine' was found to be excreted in moderate quantity by itself and was not accompanied by the basic amino acids (lysine, arginine and ornithine) as always occurs in stone-forming cystinurics (Dent and Rose, 1951) , nor by any of the neutral amino acids as in the more generalized aminoacidurias. This in itself favoured the possibility of a more classical type of inborn error with high plasma cystine, the mechanism of excretion being that of an 'overflow', rather than of a 'renal', cystinuria. At this stage (February 1960 ) the problem was referred to those of us from U.C.H., and samples of plasma and urine were examined there. The urine findings were confirmed, and polaro-ARCHIVES OF DISEASE IN CHILDHOOD Fi{;. l. graphic quantitative analyses showed, as expected, raised plasma 'cystine' levels and a normal renal clearance. Further study of the paper chromatograms, however, indicated that the 'cystine' spot was not in the exact position for cystine but in the nearby position occupied by homocystine (Dent, 1948) . On the automatic amino acid analyser which had just been constructed, the results were even less ambiguous. The urine elution diagram showed a large peak for homocystine, and the peak for cystine itself, which occupies a clearly separated position, was conspicuous by its absence. It was decided to proceed further on a joint basis between Belfast and London to identify the abnormal metabolite by proper chemical isolation, to undertake a clinical description of the two affected sibs, and to make a preliminary study of the gross disorder of metabolism which clearly seemed to be responsible for the severe degree of mental deficiency in these children.
A preliminary report of this condition has already been given by Field, Carson, Cusworth, Dent and Neill (1962) .
Case Reports Patricia B. She was referred to one of us (C.M.B.F.) in December 1959 at the age of 6 years because she had had three convulsive episodes for which no cause could be found. They had occurred at 3A6. 4 1, 4f1 years, and consisted of several major motor seizures occurring over a period of three to six hours. Following the first fit she was treated with phenobarbitone (30 mg. b.d.), but before the third episode this had been changed to phenytoin sodium (100 mg. nocte) and phenobarbitone (50 mg. b.d.) . Since this time she has received no further barbiturates and has had no more fits.
She was the first child, but there had been two previous miscarriages. She was a premature infant of 1,023 g., the prematurity being due to pre-eclamptic toxaemia. She sat up at 10 months and walked at 18 months. At 3 years she was thought to be quite fit, although still slow to develop mentally. Talking began at 5 years.
On examination (Fig. 1) she was rather placid and plump and obviously mentally backward. She was on the 50 percentile for height and 75 percentile for weight (Harvard School of Public Health chart). She had fine dry sparse blonde hair, and blue eyes showing iridodonesis due to bilateral posterior dislocation of the lenses. Her complexion was fair with bright pink patches of colour on each cheek, her skin elsewhere was covered with erythematous blotches resembling the pattern in erythema ab igne. She had genu valgum and pes cavus. The mouth, teeth, throat, heart and lungs were normal. Her abdomen was protuberant and the liver was easily palpable to three finger breadths below the costal margin, the edge being soft and smooth. The cranial nerves were normal, the reflexes in the arms and abdomen were brisk, and the knee and ankle jerks were increased. The Babinski response was equivocal on the right side and extensor on the left. She was clean and dry in her habits and had about a dozen words of speech. She co-operated well and could obey simple commands. Psychological testing at the age of 7 years 2 months using Columbia Mental Maturity Scale, Wechsler Intelligence tests for children, and revised Stanford-Binet form L (1937) gave a mental age of 2 years 2 months and an I.Q. of 30. A liver biopsy was carried out and showed 'extensive fatty change but no necrosis or cirrhosis'. At this stage the abnormal urinary amino acid excretion was discovered in Patricia's and Pauline's urine and further routine investigations were carried out on both sibs. Skeletal radiographs, electroencephalogram, electrocardiogram, hearing tests and chromosome studies were normal in both. The ophthalmological report on both children's eyes was 'The lenses are dislocated backwards and slightly upwards. They are completely symmetrical and highly myopic. The fundi are normal.' Microscopic examination of their hair (Di. A. Jaiiett) was normal.
The following investigations were also carried out (Pauline's results quoted first): Hb 12-0 and 9-6 g./ 100 ml.; red blood cells 3-86 and 3-08 million; packed cell volume 38 and 29%; mean corpuscular volume 96 and 94; mean corpuscular haemoglobin concentration 32 and 34; white blood cells 6,200 and 4,000; plasma Na 140 and 138 mEq/l.; K 4-6 and 4-8 mEq/l.; Cl 105 and 102 mEq/l.; HCO3 18 5 and 20-0 mEq/l.; serum Ca 10-3 and 9-8 mg./100 ml.; P (Patricia only) 5-0 mg./100 ml.; plasma specific gravity 1-025 and 1 025; plasma total protein 6 75 g. and 6-2 g./100 ml.; electrophoresis showed reduced level of oa-globulin; plasma alkaline phosphatase 17 0 and 15-4 K.-A. units; serum bilirubin 0-1 and 0 3 mg./100 ml.; thymol turbidity (Patricia only) 1 unit; S.G.O.T. 28 and 25; S.G.P.T. 12 and 15; serum leucine aminopeptidase (L.A.P.) 300, 220 and 160, 213; isocitric dehydrogenase (I.C.D.) 750, 710 and 640; routine urine microscopy and culture was normal. While most of these findings are within normal limits, it is perhaps of note that the L.A.P. and I.C.D. levels were raised. These enzymes have been particularly inculpated in diseases of the liver (Harkness, Roper, Durant and Miller, 1960; Bressler, Forsyth and Klatskin, 1960; Sterkel, Spencer, Wolfson and Williams-Ashman, 1958) .
Family Studies. A family tree of the near relatives of Pauline and Patricia B. is shown in Fig. 3 . Their parents were not consanguineous and as far as questioning could elicit there were no exactly similar children, nor any others with mental retardation. Of especial interest was the youngest child of the sibship, Kevin, who was then aged 1 years and who appeared mentally normal and physically quite unlike Pauline and Patricia. Mrs. B., the mother, was a housewife of 32 years, who enjoyed good general health and looked after the family well in conditions of some poverty. Mr. B., the father, age 35 years, was in England working and was healthy. Of note was the very high incidence of schizophrenia on the mother's side of the family, the mother herself although well till that time has subsequently had to be admitted to hospital for psychiatric supervision. The legend to Fig. 3 quotes the main psychiatric symptoms. Urine was also obtained from as many as possible of the near relatives, and analysed by amino acid chromatography. No abnormalities were found.
Therapeutic Trial with Oral Cystine. Our first theory of the pathogenesis of the disease was that it was due to a cystine deficiency resulting from a metabolic block in the breakdown of methionine and homocystine. We thought that the friable sparse hair in both sibs provided clinical evidence supporting this theory, since this situation is readily produced experimentally in animals on suitably deficient diets. cystine it was given again in full dosage for another three and a half months. Review of our total data and charts unfortunately does not allow any favourable conclusion to be drawn from the treatment trial. There was no growth spurt. Hair did not change dramatically, but two observers thought that its appearance and characteristics were improved. Her behaviour improved during the first two months but this was not maintained. She developed increasing spasticity and increasing difficulty in walking but it is our view that this was part of the spontaneously developing disease process and not related to the cystine or to her fits. Pauline now has extensor plantar responses on both sides and very exaggerated knee and ankle jerks. Although Patricia received no cystine supplement she too has slowly increasing spasticity with exaggerated reflexes in her legs and remains with an extensor plantar response on the left side.
Methods
Paper Chromatography. The chromatographic methods used in Belfast have been described by Carson and Neill (1962) . Subsequent work in London was done by the technique of Dent (1948) . All urine specimens from each of the affected sibs constantly gave a moderately strong cyanide nitroprusside test for cystine (Brand, Harris and Biloon, 1930 ) and a strong spot on the chromatograms of the oxidized urines in the region of cysteic acid (Fig. 4) , otherwise the amino acid excretion pattern was normal and in particular there was no excess excretion of the basic amino acids. Careful matching with pure cysteic acid showed that the sub- The unmarked peak between isoleucine and leucine is that of the mixed disulphide of cystine and homocystine.
stance in the patient's urine migrated to a slightly different position, indeed to a position marked on our reference map (Dent, 1948) as that occupied by homocysteic acid. Addition of homocysteic acid showed exact correspondence with the urine spot (Fig. 4) . The strength of the spot suggested that the daily output of homocystine was much less than that of cystine in cystinuria (500-1,000 mg./day) and very much less than that of argininosuccinic acid in argininosuccinic aciduria (3,000 mg./day). Chromatograms of urine from most of the near relatives were also carried out. All were quite normal.
Polarography. Measurements were made (by Miss Helen Green) on fasting plasma and urine before it was suspected that the substance was not cystine. The catalytic wave method (Reed, 1942) (1958) . The first analyses of urine were incomplete. The eluate from the column at that time could only be analysed as far as the cystine peak. The analyses, however, did show that the increased output of cystine expected from the original paper chromatograms and polarography was not present. After the paper chromatographic identification of the homocystine had been made we were able to carry out a complete column analysis. This showed the presence of a large peak in the homocystine position, confirmed by addition of pure 1-homocystine to the urine (Fig. 5) . The excretion of homocystine was about 50 ,ig./min. (72 mg./24 hr.) and was grossly abnormal as no homocystine is detectable in a similar analysis of normal urine. The elution diagrams also showed the presence of a moderate-sized peak in the position occupied by the mixed disulphide derived from half cystine and half homocystine. This compound has been identified in the urine of cystinurics (Frimpter, 1961) , but is not yet reported from other sources. Its excretion rate in the two sibs was 10-30 ,ug./min. (14-42 mg./24 hr.), which can be compared with the 40-100 mg./day in cystinuric urine.
Specimens were then obtained of timed urines (approximately 3 hours) with approximately midpoint blood, so as to enable amino acid clearance determinations to be carried out. The urine and separated plasma were frozen and transported in this state to London where they were kept frozen (-10°C.) till the time of analysis. The results (not quoted here) for the non-sulphur containing amino acids were all within normal limits. With regard to the cystine, the urine excretion was low (not more than 1 jig./min., normal 5-10 jig./min.), homocystine excretion being similar to the previously obtained figure. Rather unexpectedly no plasma cystine or homocystine was detected. We were a little slow to realize that the reason for this was the occurrence of a storage artefact, since in the presence of the plasma protein both cystine and homocystine slowly combine with the protein. They are lost unless the protein precipitation is carried out immediately after the blood has been obtained (Stein and Moore, 1954; Eagle, Oyama and Piez, 1960) . Analysis of specially obtained fresh plasma showed cystine levels of 0-6 mg./100 ml., a low normal result, and there was a good homocystine peak giving a level of 1 5 mg./100 ml. (homocystine is undetectable in normal plasma). A calculation of homocystine clearance on the basis of the latter figure gave a result of 3 -3 ml./min. (uncorrected). Of potential significance was the plasma methionine level which on three occasions gave figures of 1-7, 1 1 and 0-7 mg./ 100 ml. (normal 0-3-0-6 mg./100 ml.). There was no corresponding increase in methionine excretion presumably because the renal clearance is normally so very low. No mixed disulphide was detected in the fresh or stored plasma.
Isolation and Characterization of Homocystine. Although the paper and column chromatographic methods of identifying the homocystine were fairly convincing, final confirmation by classical chemical methods seemed advisable, especially as the chromatographic methods could give no data on optical rotation.
Preliminary attempts to isolate the homocystine by crystallization from concentrated urine failed, in spite of the considerable insolubility of the compound. The next method tried was that of displacement chromatography from an ion-exchange resin column as previously used for isolating urinary ampholytes (Westall, 1955) . This was also unsuccessful, the insolubility of the homocystine being the probable reason. Fortunately, however, homocystine had given a discrete peak on the flow sheet of the automatic amino acid analyser, no crystallization occurring with the much more dilute solutions used in this method. We therefore next attempted its isolation by elution chromatography using a much larger ion-exchange column with volatile buffers for elution in the way already described by Hirs, Moore and Stein (1952) .
Amberlite resin 2 kg. CG 120, type III 400 mesh was suspended in water and decanted several times to remove the very fine material. The resin was then treated with 10 1. of 2 N-NaOH, washed with water by repeated decantation to remove the excess NaOH and then treated with 5 1. of 4 N-HCl. By further washing, the excess HCI was removed and the resin was converted to the NH4 form by the addition of 101. of 3 N-NH40H. The resin was then washed with distilled water, at first by decantation and finally by filtration on a Buchner funnel. The resin cake was then suspended in 0-2 M ammonium acetate buffer at pH 4 5 and was ready for packing in the column. The column consisted of a standard Pyrex glass pipeline section 30 in. (76-2 cm.) long and 2j in. (6-35 cm.) wide with flanged ends. End plates were fitted to carry an inlet tube at the top end and a glass wool filter bed and an exit tube at the bottom end (Westall, 1961) . The column was filled with the prepared resin to a height of 23 in. (58 4 cm.) allowing a head space of 1-2 in. (2 5-5 cm.) of buffer. The exit tube was connected to an automatic fraction collector set to collect fractions (50-60 ml. each) at 20-minute intervals.
250 ml. of the patient's urine was acidified with HCI to pH 3 and was shaken for two hours with 20 g. acetic acid activated charcoal (Partridge, 1949) . The charcoal was removed by filtration and the filtrate was passed through the resin column. The urinary amino acids, which were retained by the resin, were eluted with about 5 1. of 0-2 M ammonium acetate buffer at pH 4-5. 2 ml. aliquots of the collected fractions (55 ml. each) were treated with 1 ml. of 5% sodium cyanide, allowed to stand for 15 minutes and then mixed with 0 5 ml. of 10% sodium nitroprusside. The typical bright pinkish red colour indicated those fractions which contained cystine or homocystine. Fractions 21-24 contained cystine and fractions 75-80 contained the homocystine. Fractions 75-80 were combined (350 ml.) and transferred to a one-litre flask. They were then reduced to a syrup by evaporation in vacuo. The thin syrup was transferred to a 250-ml. flask fitted with a cold-finger condenser. The flask was immersed in a water bath at 50°C. and evacuated for several hours to complete the sublimation of the ammonium acetate. A pale cream coloured residue remained: yield 47 mg.
This procedure was repeated with two further samples of 250 ml. of the patient's urine which gave a total yield of crude homocystine of 155 mg. Recrystallization was carried out from dilute NH40H by allowing the solution to stand in a desiccator over H2S04. Crystals were deposited slowly as the free NH3 from the solution was The isolated material gave only one spot when oxidized and run on paper chromatography, which corresponded with the position taken up by authentic L-homocysteic acid. Similarly, it was eluted as a single peak in the same position as L-homocystine when run on the automatic amino acid analyser.
Methionine Loading Tests. In order to investigate a possible block in the breakdown of methionine, measurements of amino acid concentrations in body fluids were made after an oral load of L-methionine. These were carried out on the two affected sibs, the apparently normal sib (Kevin), the mother, and on two normal adult males acting as controls. All the tests followed the general pattem described for amino acid clearance measurements by Cusworth and Dent (1960) . After an ovemight fast, water was given to drink ad lib., and an accurately timed, spontaneously voided urine of approximately one-hour duration was collected. An oral loading dose of L-methionine was then given in a dosage of 100 mg./kg. body weight suspended in fruit cordial (except for Kevin who received 75 mg./kg. consecutive urines at intervals of about one hour were then collected for the next three hours. In the adults, blood samples were taken immediately before the methionine load was given, and at half, one and a half and (except in one normal) two and a half hours after, and in the test on Patricia immediately before and one and a half hours after the methionine. In the younger children, Pauline and Kevin, the timing of the urine collections had to be more flexible and no blood samples were taken. Plasma and urine samples, frozen as soon as possible and then transported to London, were later analysed on the automatic amino acid analyser as described above. Urine creatinine was determined by the method of Bonsnes and Taussky (1945) . In all the tests no marked or consistent changes were L-Methionine Hours (oral) FIG. 6 .-Urinary excretion of methionine after oral methionine feeds.
The first two values from the two separate feeds of Mrs. B. were identical, so are shown on the graph superimposed. Note the very marked abnormality of methionine excretion shown by both the affected sibs anid by their mother who presumably is a heterozygote, the sibs being homozygotes.
seen in the non-sulphur-containing amino acids in the specimens before and after the methionine load, and these figures will not be given here. No change in plasma level or excretion of cystine was seen in any of the subjects, as might have been predicted from the observations on normal subjects of Dent, Senior and Walshe (1954) . The results for methionine and homocystine are given in Tables 1 and 2 and in Figs. 6 and 7.
In the nornal subjects the fasting clearances are shown in brackets, as the fasting methionine excretions and hence the clearances which are calculated from them are almost certainly an overestimate due to the difficulty of measuring accurately the very small methionine peak among a number of small known and unknown peaks which occur in this part of the chromatogram (Moore, Spackman and Stein, 1958; Frimpter and Bass, 1962) . In one normal subject, no peak was seen in the homocystine position in the fasting or first-hour urines; in the second-and third-hour urines there was a slight deflection of the baseline of the elution diagram in the homocystine position amounting at the most to 2 ,ug./ min. In the other normal subject a very small peak was seen in this position in the fasting urine specimen amounting to about 5 ,ug./min. and falling slowly during the test to about 1 ,ug./min.; it seems highly probable that this was in fact not homocystine at all but f-alanine which occupies the same position on the elution diagram. Mrs. B. was examined on two occasions, the first when she was in good health and the second during her admission to hospital for psychiatric reasons. Following the oral methionine her plasma level showed a higher and possibly delayed rise compared with the normal subjects. Her methionine excretion was conspicuously abnormal, being five to eight times greater than in our control subjects, the renal clearances also being about five times higher. No homocystine was seen in the fasting urines, but a small but definite peak was seen in the second-and third-hour urines on both occasions, amounting to 6 ,tg./min. on the first occasion and 12 ,ug./min. on the second.
We were surprised at the relatively small basal excretion of homocystine by Patricia on the occasion of the methionine load test and at its failure to increase following the load. On previous occasions (see above under 'Polarography' and 'Quantitative ion-exchange chromatography') when fasting timed urines had been collected, her homocystine excretion had been comparable to that shown on this occasion by her younger sister Pauline. It is emphasized that the normal subjects showed no detectable homocystine excretion. When allowance is made for their body sizes, both children showed a much greater excretion of methionine than the control adults, indeed their handling of methionine resembled closely that of their mother.
Kevin B. showed a fasting methionine excretion, corrected for his surface area of 0-6 m.2, of 2 ,ug./min. which increased to 75 and 127 [g./min. during the first and second hours following a methionine load of 75 mg./ kg. No change was observed in the very small deviation of the baseline in the homocystine position.
Amino Acid Analysis of Hair. It seemed possible that the abnormal hair in the affected sibs was due to the incorporation into the hair molecule of some homocystine in place of cystine. A less likely alternative was, that of the two amino acids, the hair contained cystine only but in smaller quantity than normal.
Samples of hair from Patricia and Pauline were cut into pieces about 1 mm. in length, washed several times with chloroform and dried to constant weight at 1100 C. and then hydrolysed by refluxing with 6 N-HCI for six hours. Examination of samples of the hydrolysates from both children on the automatic amino acid analyser showed the presence of a large amount of cystine, but no homocystine was detected. A further hair sample from Patricia was washed and dried in a similar manner, but the hair was oxidized with performic acid (Schram, Moore and Bigwood, 1954) before hydrolysis for 20 hours, so that an accurate quantitation could be obtained (unoxidized cystine decomposes somewhat during acid hydrolysis). Analysis showed a cystine content of 16 6 mg./100 mg. dry hair, within the normal range for human hair. Discussion We have presented evidence that the two mentally retarded sibs have a gross metabolic disorder involving the sulphur-containing amino acids, and that this is very likely to be the immediate cause of all their abnormal clinical manifestations. In brief the clinical features comprise mental retardation, iridodonesis and red mottling of the skin. There is evidence of a progressive paraplegia and perhaps of increasing liver involvement. These features, together with their general appearance (Figs. 1 and 2) are sufficiently characteristic for the condition to be easily recognizable in future; it is indeed as characteristic in its own way as is the picture in mongolism. Moreover, the urine test, involving the same cyanide nitroprusside reaction as used for cystine, is very easy to perform on a mass production basis. A search for further cases should not therefore be too difficult. One of us (N.A.J.C.) has already discovered six more cases in Northern Ireland, and Dr. G. Komrower and Miss V. K. Wilson (personal communication) have found one in Manchester, so there is the possibility that this disease is not too rare. The way the discovery was made is of some interest. Urine from the sibs was submitted for examination on account of their unusual clinical features. However, the routine survey already in operation was partly the stimulus for the submission and in any case would presumably have caught up with the children sooner or later. Many such metabolic screening programmes are under way in other medical centres and it seems that they can be rewarding so long as one is not too quickly disappointed by the large numbers of negative findings. We do not expect patients with homocystinuria to present with urinary calculus. Homocystine is very insoluble, but the daily excretion is probably just below the threshold for stone formation, if comparison with cystine calculus is valid (Dent and Senior, 1955) .
Our loading tests with L-methionine were aimed to uncover, if possible, the actual site of the presumed metabolic block in homocystine metabolism. The broad lines of the normal metabolic pathway by which methionine is converted to cystine have been well worked out and are summarized in Fig. 8 With such a simple mechanism an oral load of 1-methionine should quickly produce a large increase in homocystine excretion. We were at first surprised when we noted that this did not happen (Fig. 7) . However, further consideration of the data has led us to appreciate the possible significance of the quantity of the daily excietion of homocystine. This varied from 50-100 mg. a day, a quantity much less than would be expected if the main bulk of the daily intake of methionine (1-2 g.) was excreted in this form. A complete metabolic block, therefore, as occurs in phenylketonuria, seems most unlikely. Indeed a true metabolic block in the metabolism of the sulphur amino acids does seem to occur in cystathioninuria, presumably at the point between cystathionine and homoserine in the diagram (Fig. 8) . In this condition the daily excretion of the corresponding sulphur compound was 500 mg. (Harris et al., 1959) , and it was shown to be considerably raised on feeding extra methionine. We need to know a lot more about the metabolism of sulphur compounds before settling the problem posed by the homocystinuria in our sibs. Obvious possibilities are a disorder of oxidation reduction potentials in the cell whereby a proportion of the homocysteine formed in a normally functioning sequence from methionine to cystine is oxidized to homocystine and then trapped in this form and excreted. An enzyme able to perform this step has been found in rat liver by Racker (1955) , and an equivalent mechanism may well occur as an explanation for the excess cystine formation in cystinosis. Another possibility is that the disorder involves another step in homocysteine metabolism, such as its metabolism to at-amino butyric acid by the enzyme homocysteine desulphhydrase (Fromageot and Desnuelle, 1942 It is a happy feature of the discovery of this type of biochemical disorder that soon afterwards we can usually begin to devise fairly plausible forms of treatment. Our first guess was that a block somewhere in the sequence from methionine to cystine would make the subject dependent entirely on dietary cystine for normal metabolic requirements. In other words in our two sibs cystine had become an essential amino acid, rather as tyrosine is in a phenylketonuric. Such children might well suffer from some degree of cystine deficiency, especially in infancy should their diet be largely of cows' milk, in which most of the protein sulphur is as methionine (70%) rather than as cystine (30%). However, in human milk the situation is reversed, 60% of the protein sulphur being as cystine (Soupart, Moore and Bigwood, 1954) . Hence a simple cystine supplement might suffice to prevent the development of the disease, especially if the diagnosis can be made soon after birth before irreversible consequences have time to develop. It seemed clearly too late to expect any improvement in mental status in our sibs, so a trial was done on one of them giving extra cystine by mouth and hoping for a growth spurt or other clinical signs of improvement. Nothing happened, however. This does not surprise us so much now that we realize that our simple concept of the metabolic block requires modification. If a defect of methionine transport mechanisms is involved we might even argue that additional methionine rather than cystine would be the treatment and that the fatty liver of the elder sib was the consequence of a methyl group deficiency from an inability to demethylate methionine in adequate quantity. Supplementations of this kind on affected growing children would be better assessed if they could be carried out while simultaneous nitrogen balances were being performed. Further experiments along classical lines to determine their actual dietary requirements of methionine and of cystine also appear to be well worth carrying out.
Summary
Arising from a biochemical survey of urines from mental defectives in Northern Ireland it has been revealed that two sibs with a rather characteristic clinical appearance constantly excrete moderate quantities of an amino acid reacting like cystine to the cyanide nitroprusside test.
The abnormal amino acid has been identified by chromatographic and classical chemical methods as L-homocystine. The mechanism of the urinary excretion is an 'overflow' one.
Loading tests with L-methionine have been done on the mother, the two affected sibs and on the normal sib. The results have been most difficult to interpret. The affected sibs and the mother show a slightly reduced ability to metabolize methionine, and a much larger than expected urinary methionine excretion, indicating high renal clearances. Homocystine excretion, surprisingly, only increased a little after the methionine load.
We assume that there is an inborn error of metabolism here, the detailed mechanism remaining obscure. We suggest the name 'homocystinuria' for the disease.
Preliminary trials have begun of treatment by additional oral cystine. Our first hypothesis was that the immediate cause of the disease might be a cystine deficiency due to an error of metabolism that prevents the normal conversion of methionine into cystine and that also manifests itself by the accumulation and excretion of excessive quantities of the closely related compound homocystine. We are having difficulties, however, in confirming this. An alternative hypothesis is that a defect in methionine transport systems is the primary cause.
